Aging and circadian rhythms have been linked for decades, but their molecular interplay has remained obscure. Sato et al. and Solanas et al. now reveal that, while core clock components remain nearly unaltered, aging is associated with tissue-specific rewiring, which can be prevented by calorie restriction.
The cellular and physiological rhythms observed in an organism over a period of 24 hr are known as circadian rhythms. Many physiological processes are regulated by the circadian rhythms, including the sleep/awake cycle, metabolism, and hormonal secretion (Bellet and SassoneCorsi, 2010; Hastings et al., 2003) . Importantly, dysfunction of circadian rhythms is associated with multiple physiological disorders, as well as aging (Kondratova and Kondratov, 2012) . Although a connection between aging and circadian rhythms has been suggested, how exactly aging influences circadian clocks remains largely unexplored. In addition, how dietary interventions such as calorie restriction (CR), known to ameliorate age-associated phenotypes and extend lifespan of a variety of species from yeast to mammals (Guarente, 2013) , influence circadian rhythms remains as an open question. In this issue of Cell, Sato et al. (2017) and Solanas et al. (2017) uncover an ageassociated rewiring of rhythmic transcriptomes that is tissue-specific. Importantly, authors also found that CR has the capacity to prevent this age-associated rewiring and to restore diurnal timed homeostasis.
In order to understand the molecular and metabolic pathways that underlie the interplay between circadian rhythms and aging, Sato et al. (2017) used comparative whole-hepatic transcriptome analysis of young and old mice under normal diet or under 30% CR. They uncovered 2,626 genes that are exclusively rhythmic in young mice and only 1,664 genes in old mice, including 1,575 genes that were rhythmic in both groups. Interestingly, the expression of core clock genes is still intact in old mice. Next, the authors analyzed the effect of CR in the circadian hepatic transcriptome of young and old mice. Importantly, CR increases the number and amplitude of rhythmic genes in both young and old mouse livers. In addition, the expression of core clock and clockcontrolled genes is also amplified by CR. Gene ontology (GO) pathway analyses identify common circadian genes involved in autophagy, RNA processing, and target of rapamycin (TOR) signaling highly enriched both in young mice under normal diet and old mice under CR. Interestingly, CR generates new rhythmic transcriptional peaks in young and old mice. Overall, these data suggest that CR has the capacity to prevent the rewiring of circadian hepatic function that takes place during aging.
In a complementary study, Solanas et al. (2017) shed light on the interconnection between the rhythmic oscillation of adult stem cells and aging. Adult stem cells are responsible for the maintenance of tissue homeostasis and during aging experience a functional and numerical decline, generally described as stem cell exhaustion. Two previous reports from the same group demonstrated that the circadian clock establishes a fine-tuning homeostatic control of epidermal stem cells (epSCs) (Janich et al., 2011 (Janich et al., , 2013 . In order to extend the relevance of their observations, the authors studied two types of adult stem cells: epSCs and skeletal muscle stem cells (muSCs). While most epSCs proliferate almost continuously during life, muSCs remain quiescent until they are activated upon injury. As in the report by Sato et al. (2017) , whole transcriptome analysis was performed in sorted stem cells isolated from young and old mice. The authors found that robust rhythmic transcripts can be detected in both epSCs and muSCs, and 25% of these transcripts remained rhythmic in aged stem cells. As seen in the liver, the core clock machinery remained robustly oscillatory in aged stem cells. Importantly, a new cohort of oscillatory genes (1,560 genes in aged epSCs and 1,663 genes in aged muSCs), which were not rhythmic in young stem cells, was identified in aged stem cells. Interestingly, oscillatory genes in young stem cells include genes involved in homeostatic functions such as keratinocyte differentiation in epSCs and myotube differentiation and autophagy in muSCs. In contrast, aged stem cells switched to a new cohort of rhythmic genes related to tissue-specific stress, including DNA damage and inflammation. In both types of stem cells, GO pathway analyses show that CR maintains or restores rhythmic homeostatic functions in aging. Interestingly, the rewiring of rhythmic transcriptomes by highfat diet or disruption of the major core clock components do not coincide with the rewiring by physiological aging. The authors hypothesize that the different circadian functions acquired during aging by each type of stem cell derive from the idiosyncrasy of their function (i.e., continuous proliferation of epSCs versus longterm quiescence of muSCs).
Combined, data from both studies reveal that circadian rhythms may have tissuespecific roles for maintaining homeostasis during life. In fact, comparison by GO analyses of the circadian signatures between liver, epSCs, and muSCs show tissue-specific rhythmic reprogramming of physiological homeostasis. Liver-specific rhythmic pathways include NAD + metabolism and protein acetylation paralleling the observation of global protein hyperacetylation in both young and old. Importantly, global protein acetylation is also observed in histone marks, thus establishing a direct link with the activation of metabolic rhythmic genes by CR. Sirtuins are NAD + -dependent histone deacetylases that target histones or non-histone proteins and, as such, are thought to participate in the cross-talk between the circadian rhythms and aging (Masri and SassoneCorsi, 2014) . In this line, it has been previously reported that the beneficial effects of CR are not observed when SIRT1 is ablated or mutated in mice (Guarente, 2013) . Importantly, the authors find an enrichment of SIRT1-target genes in the liver of young and old mice under CR. Finally, the authors hypothesize that the change observed in circadian acetylation of AceCS1 could be linked to the levels of acetyl-CoA and global protein hyperacetylation.
In conclusion, these studies elegantly demonstrate that aging rewires circadian functions in a tissue-specific manner and that CR is capable of preventing this rewiring, thus maintaining rhythmic homeostatic transcriptomes comparable to a young state (Figure 1 ).
As part of future studies, it would be interesting to understand whether tissuespecific circadian reprogramming can also be extended to other tissues, organs, and SC populations. In addition, the precise mechanisms behind the somatic or stem-cell-specific rewiring of circadian programs should also be a subject of further investigations and knowledge. Moreover, the circadian oscillations of not only histone acetylation, but other histone modifications such as methylation, tightly connected to metabolic function (Brunet and Rando, 2017) , would reinforce the direct link between nutrition and circadian control of gene expression. A remaining question of high interest is whether the tissue-specific circadian reprogramming observed during aging can also be observed in the suprachiasmatic nucleus, the master conductor of the circadian clock located in the hypothalamus, and be either prevented or reversed by CR. Lastly, the study of the interplay between tissue-specific circadian reprogramming and systemic aging will allow for a better understanding of the harmony of circadian rhythms during life. This knowledge might open new avenues to remaster old rhythms for a healthy aging. Transcriptional analyses included in the reports by Sato et al. (2017) and Solanas et al. (2017) demonstrate that rhythmic transcription networks are rewired during aging in liver and adult stem cell populations, including epSCs and muSCs. Importantly, caloric restriction is capable of preventing the rewiring associated with aging and maintaining rhythmic homeostasis.
